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Description 

[0001] This invention relates to an elect rosurgical In- 
strument for the treatment of tissue In the presence of 
an electrically conductive fluid medium, and to an elec- s 
trosurgical system apparatus Including such an instru- 
ment. 

[0002] Endoscopic electrosurgery is useful for treat- 
ing tissue in cavities of the body, and is normally per- 
formed in the presence of a distension medium. When 
the distension medium is a liquid, this is commonly re- 
ferred to as underwater electrosurgery. this term denot- 
ing electrosurgery in which living tissue is treated using 
an electrosurgical instrument with a treatment electrode 
or electrodes immersed in liquid at the operation site. A 
gaseous medium is commonly employed when endo- 
scopic surgery is performed in a distensible body cavity 
of larger potential volume in which a liquid medium 
would be unsuitable, as Is often the case in laparoscopic 
or gastroenterological surgery. 

[0003] Undenwater surgery is commonly performed 
using endoscopic techniques, in which the endoscope 
itself may provide a conduit (commonly referred to as a 
working channel) for the passage of an electrode. Alter- 
natively, the endoscope may be specifically adapted (as 
In a resectoscope) to include means for mounting an 
electrode, or the electrode may be introduced into a 
body cavity via a separate access means at an angle 
with respect to the endoscope - a technique commonly 
referred to as triangulation. These variations In tech- 
nique can be subdivided by surgical speciality, where 
one or other of the techniques has particular advantages 
given the access route to the specific body cavity. En- 
doscopes with integral working channels, or those char- 
acterised as resectoscopes, are generally employed 
when the body cavity may be accessed through a nat- 
ural body opening - such as the cervical canal to access 
the endometrial cavity of the uterus, or the urethra to 
access the prostate gland and the bladder. Endoscopes 
specifically designed for use in the endometrial cavity 
are referred to as hysteroscopes, and those designed 
for use in the urinary tract Include cystoscopes, urethro- 
scopes and resectoscopes. The procedures of transure- 
thal resection or vaporisation of the prostate gland are 
known as TURP and EVAP respectively. When there is 
no natural body opening through which an endoscope 
may be passed, the technique of triangulation is com- 
monly employed. Triangulation is commonly used dur- 
ing underwater endoscopic surgery on joint cavities 
such as the knee and the shoulder. The endoscope used 
in these procedures is commonly referred to as an ar- 
throscope. 

[0004] Electrosurgery is usually carried out using ei- 
ther a monopolar instrument or a bipolar instrument. 
With monopolar electrosurgery, an active electrode is 
used in the operating region, and a conductive return 
plate is secured to the patient's skin. With this arrange- 
ment, current passes from the active electrode through 
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the patient's tissues to the external return plate. Since 
the patient represents a significant portion of the circuit, 
input power levels have to be high (typically 150 to 250 
watts), to compensate for the resistive current limiting 
of the patient's tissues and, in the case of undenwater 
electrosurgery, power losses due to the fluid medium 
which is rendered partially conductive by the presence 
of bkxxJ or other body fluids. Using high power with a 
monopolar arrangement is also hazardous, due to the 
tissue heating that occurs at the return plate, which can 
cause severe skin burns. There is also the risk of ca- 
pacitive coupling between the instrument and patient tis- 
sues at the entry point into the body cavity. 
[0005] With bipolar electrosurgery, a pair of elec- 
trodes (an active electrode and a return electrode) are 
used together at the tissue application site. This ar- 
rangement has advantages from the safety standpoint, 
due to the relative proximity of the two electrodes so that 
radio frequency currents are limited to the region be- 
tween the electrodes. However, the depth of effect is di- 
rectly related to the distance between the two elec- 
trodes; and, in applications requiring very small elec- 
trodes, the inter-electrode spacing becomes very small, 
thereby limiting tissue effect and the output power. 
Spacing the electrodes further apart would often ob- 
scure vision of the application site, and would require a 
modification in surgical technique to ensure direct con- 
tact of both electrodes with the tissue. 
[0006] There are a number of variations to the basic 
design of the bipolar probe. For example, US-A-4 706 
667 describes one of the fundamentals of the design, 
namely that the ratio of the contact areas of the return 
electrode and of the active electrode is greater than 7: 
1 and smaller than 20:1 for cutting purposes. This range 
relates only to cutting electrode configurations. When a 
bipolar instrument is used for desiccation or coagula- 
tion, the ratio of the contact areas of the two electrodes 
may be reduced to approximately 1 :1 to avoid differen- 
tial electrbal stresses occurring at the contact between 
the tissue and the electrode. 

[0007] The instrument of US-A-4706667 has a coaxial 
electrode assembly with an active electrode housed in 
an insulative sleeve, the two being axially displaceable 
within a tubular return electrode, the sleeve acting to 
space the return electrode radially from the active elec- 
trode. The active electrode has a needle-like exposed 
treatment portion which projects beyond the Insulative 
sleeve and. in an operative position, beyond the return 
electrode so that, in use, current flows directly from one 
electrode to the other through the tissue being cut. Both 
the exposed treatment portion of the active electrode 
and the end of the tubular return electrode contact the 
tissue. 

[0008] The electrical junction between the return elec- 
trode and tissue can be supported by wetting of the tis- 
sue by a conductive solution such as normal saline. This 
ensures that the surgical effect is limited to the needle 
or active electrode, with the electric circuit between the 
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two electrodes being completed by the tissue. One of 
the obvious limitations with the design is that the needle 
must be completely buried in the tissue to enable the 
return electrode to complete the circuit. Another prob- 
lem is one of the orientation: even a relatively small 
change in application angle from the ideal perpendicular 
contact with respect to the tissue surface, will change 
the contact area ratio, so that a surgical effect can occur 
in the tissue In contact with the return electrode. 
[0009] Another bipolar instrument is disclosed in WO- 
A-93/19681. In this case, the active and return elec- 
trodes comprise parallel rods located side-by-side with 
respective exposed distal end portions which are coex- 
tensive so that both contact the tissue being cut simul- 
taneously. 

[0010] Cavity distension provides space for gaining 
access to the operation site, to improve visualisation, 
and to allow for manipulation of Instruments. In low vol- 
ume body cavities, particularly where it Is desirable to 
distend the cavity under higher pressure, liquid rather 
than gas is more commonly used due to better optical 
characteristics, and because it washes blood away from 
the operative site. 

[0011] Conventional undenwater electrosurgery has 
been performed using a non-conductive liquid (such as 
1 .5% glycine) as an irrigant, or as a distension medium 
to eliminate electrical conduction losses. Glycine is used 
in isotonic concentrations to prevent osmotic changes 
in the blood when intra-vascular absorption occurs. In 
the course of an operation, veins may be severed, with 
resultant infusion of the liquid into the circulation, which 
could cause, among other things, a dilution of serum so- 
dium which can lead to a condition known as water in- 
toxication. 

[001 2] The applicants have found that it is possible to 
use a conductive liquid medium, such as normal saline, 
in underwater endoscopic electrosurgery in place of 
non -conductive, electrolyte-free solutions. Normal sa- 
line is the preferred distension medium in underwater 
endoscopic surgery when electrosurgery is not contem- 
plated, or a non-electrical tissue effect such as laser 
treatment is being used. Although normal saline 
(0.9%w/v: 150mmol/l) has an electrical conductivity 
somewhat greater than that of most body tissue, it has 
the advantage that displacement by absorption or ex- 
travasation from the operative site produces little phys- 
iological effect, and the so-called water intoxication ef- 
fects of non-conductive, electrolyte-free solutions are 
avoided. 

[0013] The applicants have developed a bipolar In- 
strument suitable for underwater electrosurgery using a 
conductive liquid medium. A first aspect of the invention 
is as defined in claim 1 accompanying this description. 
A second aspect of the invention is as defined in claim 
12, which relates to an electrosurgical system including 
an instrument and a generator. Some of the preferred 
features of the different aspects of the invention are set 
out in the dependent claims. 
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[0014] The electrode structure of this instrument, in 
combination with an electrically-conductive fluid medi- 
um largely avoids the problems experienced with mo- 
nopolar or bipolar electrosurgery. In particular, input 

5 power levels are much lower than those generally nec- 
essary with a monopolar arrangement (typically 100 
watts). Moreover, because of the relatively large spac- 
ing between its electrodes, an improved depth of effect 
is obtained compared with conventional bipolar ar- 

10 rangements. 

[001 5] The invention will now be described by way of 
example with reference to the drawings in which: 

Figure 1 is a diagram showing an electrosurgical 
15 system in accordance with the invention; 

Figure 2 is a side view of a portion of an electrosur- 
gical instrument forming part of the system of Figu re 

1; 

20 

Figure 3 Is a cross-section of part of an alternative 
electrosurgical instrument in accordance with the 
Invention, the instrument being sectioned along a 
longitudinal axis; 

25 

Figure 4 is a graph illustrating the hysteresis of the 
electrical load impedance and dissipated radio fre- 
quency power which occurs between use of an in- 
strument in accordance with the invention in desic- 
30 eating and vaporising modes; 

Figure 5 is a block diagram of the generator of the 
electrosurgical system shown in Figure 1; 

35 Figure 6 Is a diagrammatic side view of the instru- 
ment ot Figure 3 showing the use of the Instrument 
for tissue removal by vaporisation; 

Figure 7 is a diagrammatic side view of an instru- 
40 ment similar to that shown in Figure 6, showing the 
use of the instrument for tissue desiccation or co- 
agulation; and 

Figures 8, 9 and 10 are side views of further elec- 
ts trosurgical instruments in accordance with the in- 
vention, showing different electrode and insulator 
configurations. 

[0016] Referring to the drawings. Figure 1 shows 
so electrosurgical apparatus including an electrosurgical 
generator 10 having an output socket 10S providing a 
radio frequency (RF) output for a bipolar instrument, in 
the form of a handpiece 12 and a detachable electrode 
unit 28, via a connection cord 14. Activation of the gen- 
55 erator 10 may be performed from the handpiece 1 2 via 
a control connection in the cord 14, or by means of a 
footswitch unit 16, as shown, connected separately to 
the rear of the generator 10 by a footswitch connection 
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cord 18. In the illustrated embodiment, the footswitch 
unit 16 has two footswitches 16A and 16B for selecting 
a desiccation mode and a vaporisation mode of the gen- 
erator 10 respectively. The generator front panel has 
push buttons 20 and 22 for respectively setting desic- 
cation and vaporisation power levels, which are indicat- 
ed In a display 24. Push buttons 26 are provided as an 
altematlve means for selection between the desiccation 
and vaporisation modes. 

[001 7] The instrument need not include a handpiece, 
but may simply include a connector for mounting to an- 
other device such as a resectoscope. In Figure 1 the 
instrument has an electrode unit 28 which is shown 
mounted to the handpiece 12. 
[0018] The electrode unit 28 may take a number of 
different forms, some of which are described below. 
In a basic configuration, shown In Figure 2, an electrode 
unit for detachable fastening to an instrument handpiece 
comprises a shaft 30 which may be a conductive tube 
covered with an insulating sheath 30S, with an electrode 
assembly 32 at a distal end of the shaft 30. At the other 
end of the shaft (not shown) means are provided for con- 
necting the unit to a handpiece both mechanically and 
electrically. 

[001 9] The electrode assembly 32 comprises a cen- 
tral active electrode 34 which is exposed at the extreme 
distal end of the unit to form an exposed tissue treatment 
portion. Preferably, the active electrode 34 is a metallic 
wire which extends as a central conductor through the 
whole of the shaft 30 to a contact at the proximal end 
(not shown in the drawing). Surrounding the electrode 
34 and the Inner conductor is an insulating sleeve 36 
the distal end of which is exposed proximally of the ex- 
posed tissue treatment portion of the electrode 34. Typ- 
ically, this sleeve is made of a ceramic material to resist 
damage from arcing. Surrounding the sleeve 36 is the 
return electrode 38 in the form of a metallic tube which 
is electrically (and optionally also mechanically) integral 
with the metallic tubular body of the shaft 30. This return 
electrode terminates at a point short of the end of the 
sleeve 36 so that it is set back from the exposed tissue 
treatment portion of the active electrode 34 and is both 
radially and axlalty spaced from the latter It will be ap- 
preciated that, principally due to the much larger diam- 
eter of the return electrode in comparison to that of the 
active electrode, the return electrode provides an ex- 
posed fluid contact surface which has a surface area 
very much greater than that of the exposed active elec- 
trode treatment portion. The insulating sheath 30S ter- 
minates at a location proximally spaced from the distal 
end of the return electrode 38 in order to provide the 
required surface area for the return electrode fluid con- 
tact surface. At the distal end of the electrode unit, the 
diameter of the return conductor is typically in the region 
of from 1mm to 5mm. The longitudinal extent of the ex- 
posed part fluid contact surface the return electrode 38 
Is typically between 1mm and 5mm with the longitudinal 
spacing from the return electrode 38 to the exposed ac- 
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tive electrode treatment portion between 1mm and 
5mm. Further aspects of the configuration and dimen- 
sioning of electrode assemblies are set out in more de- 
tail below. 

5 [0020] In effect, the electrode structure shown in Fig- 
ure 2 is bipolar, with only one of the electrodes (34) ac- 
tually extending to the distal end of the unit. This means 
that, in normal use when the electrode assembly is im- 
mersed in a conductive fluid medium, the return elec- 
trode 38 remains spaced from the tissue being treated 
and a current path exists between the two electrodes 
via the tissue and the conductive fluid medium which is 
in contact with the return electrode. 
[0021] The axial spacing of the electrodes permits a 
very fine electrode structure in terms of diameter since 
the insulation path is considerably longer than a bipolar 
electrode having merely radial spacing between ex- 
posed electrode surfaces. This allows higher powers to 
be used than with conventional electrode structures 
without causing unwanted arcing, or in the case of elec- 
trosurgical cutting or vaporisation treatment, without 
causing electrode unit damage due to excessive arcing 
at high temperatures. 

[0022] The particular staggered arrangement shown 
affords the surgeon a view of the tissue contact elec- 
trode tip, and permits a large range of applied angles 
with respect to the tissue surface, which is particularly 
important in the confined spaces typical of endoscopic 
surgery. 

[0023] Referring to Figure 3, an alternative electrode 
unit tor detachable fastening to the electrosurgical in- 
strument handpiece 12 shown in Figure 1 comprises a 
shaft 30, which is constituted by a semi-flexible tube 
made of stainless steel or phynox electroplated in cop- 
per or gold, with an electrode assembly 32 at a distal 
end thereof. At the other end (not shown) of the shaft 
30, means are provided for connectingthe electrode unit 
to the handpiece both mechanically and electrically 
[0024] The electrode assembly 32 includes a central, 
active or tissue contact electrode 34 which Is made of 
platinum, platinum/iridium or platinunn/tungsten, and is 
constituted by a generally hemispherical exposed tip 
34A and an integral central conductor 34B. The conduc- 
tor 34B Is electrically connected to a central copper con- 
ductor 34C by fastening a thin stainless steel spring 34D 
over the adjacent end portions of the conductors 348 
and 34C, thereby providing an electrical connection be- 
tween the handpiece of the instrument and the exposed 
tip 34A. A ceramic insulation sleeve 36 surrounds the 
conductor 34B, the spring 34D and the adjacent end 
portion of the copper conductor 34C. The sleeve 36 has 
an exposed portion 36A which surrounds the distal end 
portion of the conductor 34B. A return electrode 38, 
which forms a distal end portion of the shaft 30 providing 
a cylindrical fluid contact surface, closely surrounds the 
sleeve 36 and extends over the copper conductor 34C 
spaced from the tatter by an insulation sleeve 40. An 
outer insulating heat shrink or polyimide coating SOS 
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surrounds the shaft 30 and proximal portion of the return 
electrode 38. 

[0025] When used in combination with an electrosur- 
gical generator as shown in Figure 1 , the electrode unit 
of Figure 3 can be employed in a conductive fluid medl- s 
um for tissue removal by vaporisation, for sculpturing 
and contouring menisci during arthroscopic surgery, or 
for desiccation, depending on the manner in which the 
generator is controlled. Figure 4 illustrates how the gen- 
erator can be controlled to take advantage of the hys- io 
teresis which exists between the desiccation and the va- 
porising modes of the electrode unit. Thus, assuming 
the electrode assembly 32 of the unit is immersed in a 
conductive medium such as saline, there is an initial 
load impedance "r" at point "O", the magnitude of which is 
is defined by the geometry of the electrode assembly 
and the electrical conductivity of the fluid medium. The 
value of "r" changes when the active electrode 34 con- 
tacts tissue, the higher the value of "r" the greater is the 
propensity of the electrode assembly 32 to enter the va- 20 
porisation mode. When RF power Is applied to the elec- 
trode assembly 32 the fluid medium heats up. Assuming 
the fluid medium is normal saline (0.9% w/v), the tem- 
perature coefficient of conductivity of the fluid medium 
is positive, so that the corresponding impedance coef- 2S 
ficient is negative. Thus, as power is applied, the imped- 
ance initially falls and continues to fall with increasing 
dissipation power to point "B", at which point the saline 
in intimate contact with the electrode assembly 32 
reaches its boiling point. Small vapour bubbles form on 30 
the surface of the active tip 34A and the impedance then 
starts to rise. After point "B", as power dissipation is In- 
creased further, the positive power coefficient of imped- 
ance is dominant, so that increasing power now brings 
about increasing impedance. 3S 
[0026] As a vapour pocket forms from the vapour bub- 
bles, there is an increase in the power density at the 
residual electrode/saline Interface. There is. however, 
an exposed area of the active electrode tip 34A not cov- 
ered by vapour bubbles, and this further stresses the 40 
interface, producing more vapour bubbles and thus 
even higher power density. This Is a run-away condition, 
with an equilibrium point only occurring once the elec- 
trode is completely enveloped In vapour. For given set 
of variables, there is a power threshold before this new ^ 
equilibrium can be reached (point "C"). 
[0027] The region of the graph between the points "B" 
and "C", therefore, represents the upper limit of the des- 
iccation mode. Once in the vaporisation equilibrium 
state, the Impedance rapidly Increases to around 1000 so 
ohms, with the absolute value depending on the system 
variables. The vapour pocket is then sustained by dis- 
charges across the vapour pocket between the active 
electrode tip 34A and the vapour/saline interface. The 
majority of power dissipation occurs within this pocket, ss 
with consequent heating of the tip 34A. The amount of 
energy dissipation, and the size of the pocket, depends 
on the output voltage. If this is too low, the pocket will 



not be sustained, and if it is too high the electrode as- 
sembly 32 will be destroyed. Thus, in order to prevent 
destruction of the electrode assembly 32, the power out- 
put of the generator must be reduced once the imped- 
ance has reached the point "D". It should be noted that, 
if the power is not reduced at this point, the power/im- 
pedance curve will continue to climb and electrode de- 
struction would occur. 

[0028] The dotted line E indicates the power level 
above which electrode destruction Is Inevitable. As the 
power is reduced, the impedance falls until, at point "A", 
the vapour pocket collapses and the electrode assembly 
32 reverts to the desiccation mode. At this point, power 
dissipation within the vapour pocket is insufficient to 
sustain it, so that direct contact between the active elec- 
trode tip 34A and the saline Is re-established, and the 
impedance falls dramatically. The power density at the 
tip 34A also falls, so that the temperature of the saline 
falls below boiling point. The electrode assembly 32 is 
then In a stable desiccation mode. 
[0029] Generator power control to achieve the re- 
quired desiccation, tissue cutting and vaporisation func- 
tions Is carried out by sensing the peak RF voltage ap- 
pearing across the output connections of the generator 
and by rapidly reducing the delivered output power 
whenever a preselected peak voltage threshold is 
reached. In a desiccation mode at least, this power re- 
duction Is significantly more than that required merely 
to bring the peak output voltage below the threshold. 
Preferably the power reduction is at least 50% to take 
advantage of the hysteresis characteristic described 
above with reference to Figure 4. 
[0030] Referring to Figure 5, the generator comprises 
a radio frequency (RF) power oscillator 60 having a pair 
of output connections 60C for coupling via output termi- 
nals 62 to the load impedance 64 represented by the 
electrode assembly when in use. Power is supplied to 
the oscillator 60 by a switched mode power supply 66. 
[0031] In the preferred embodiment, the RF oscillator 
60 operates at about 400 kHz, with any frequency from 
300 kHz upwards into the HF range being feasible. The 
switched mode power supply typically operates at a fre- 
quency in the range of from 25 to 50 kHz. Coupled 
across the output connections 60C is a voltage thresh- 
old detector 68 having a first output 68A coupled to the 
switched mode power supply 66 and a second output 
68B coupled to an "on" time control circuit 70. A micro- 
processor controller 72 coupled to the operator controls 
and display (shown in Figure 1), is connected to a con- 
trot Input 66A of the power supply 66 for adjusting the 
generator output power by supply voltage variation and 
to a threshold-set input 68C of the voltage threshold de- 
tector 68 for setting peak RF output voltage limits. 
[0032] In operation, the microprocessor controller 72 
causes power to be applied to the switched mode power 
supply 66 when electrosurgical power is demanded by 
the surgeon operating an activation switch arrangement 
which may be provided on a handpiece or footswitch 
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(see Figure 1). A constant output voltage threshold is 
set Independently of the supply voltage via input 68C 
according to control settings on the front panel of the 
generator (see Figure 1 ). Typically, for desiccation or co- 
agulation the threshold is set at a desiccation threshold 
value between 150 volts and 200 volts. When a cutting 
or vaporisation output is required, the threshold is set to 
a value in the range of from 250 or 300 volts to 600 volts. 
These voltage values are peak values. Their being peak 
values means that for desiccation at least it Is preferable 
to have an output RF waveform of low crest factor to 
give maximum power before the voltage is clamped at 
the values given. Typically a crest factor of 1.5 or less 
is achieved. 

[0033] When the generator is first activated, the status 
of the control input 601 of the RF oscillator 60 (which is 
connected to the "on" time control circuit 70) is "on", 
such that the power switching device which forms the 
oscillating element of the oscillator 60 is switched on for 
a maximum conduction period during each oscillation 
cycle. The power delivered to the load 64 depends partly 
on the supply voltage applied to the RF oscillator 60 from 
the switched mode power supply 66 and partly on the 
load impedance 64. If the supply voltage is sufficiently 
high, the temperature of the liquid medium surrounding 
the electrodes of the electrosurglcal instrument (or with- 
in a gaseous medium, the temperature of liquids con- 
tained within the tissue) may rise to such an extent that 
the liquid medium vaporises, leading to a rapid increase 
in load impedance and a consequent rapid increase in 
the applied output voltage across terminals 62. This is 
an undesirable state of affairs if a desiccation output is 
required. For this reason, the voltage threshold for a 
desiccation output is set to cause trigger signals to be 
sent to the "on" time control circuit 70 and to the 
switched mode power supply 66 when the threshold is 
reached. The "on" time control circuit 70 has the effect 
of virtually instantaneously reducing the "on" time of the 
RF oscillator switching device. Simultaneously, the 
switched mode power supply is disabled so that the volt- 
age supplied to oscillator 60 begins to fall. 
[0034] The output vortage of the generator is impor- 
tant to the mode of operation. In fact, the output modes 
are defined purely by output voltage, specifically the 
peak output voltage. The absolute measure of output 
voltage is only necessary for multiple term control. How- 
ever, a simple single term control (I.e. using one control 
variable) can be used In this generator in order to con- 
fine the output voltage to predetermined limit voltages. 
Thus, the voltage threshold detector 68 shown In Figure 
5 compares the RF peak output voltage with a preset 
DC threshold level, and has a sufficiently fast response 
time to produce a reset pulse for the "on" time control 
circuit 70 within one RF half cycle. 
[0035] Maximum absorbed power coincides with the 
electrode condition existing immediately before forma- 
tion of vapour bubbles, since this coincides with maxi- 
mum power dissipation and the greatest wetted elec- 



trode area. It is therefore desirable that the electrode 
remains in its wetted state for the maximum desiccation 
power. Use of voltage limit detection brings about a pow- 
er reduction which allows the vapour bubbles to collapse 

5 which in turn increases the ability of the active electrode 
to absorb power. It is for this reason, that the generator 
includes a control loop having a large overshoot, in that 
the feedback stimulus of the peak voltage reaching the 
predefined threshold causes a large instantaneous re- 

10 duction in power by causing a reduction In peak output 
voltage to a level significantly below the peak output 
voltage level set by the threshold detector 68. This con- 
trol overshoot ensures a retum to the required wetted 
state. 

IS [0036] Further details of the generator and Its opera- 
tion are described in th pecification of our European Pat- 
ent Application No. 96304558.8 (EP-A- 754 437). 
[0037] In the light of the above, it will be apparent that 
the electrode unit of Figure 3 can be used for desiccation 

20 by operating the unit in the region of the graph between 
the point "0" and a point in the region between the points 
"B" and "C". In this case, the electrode assembly 32 is 
Introduced into a selected operation site with the active 
tip 34A adjacent to the tissue to be treated, and with the 

2S tissue and the active tip and the return electrode im- 
mersed in the saline. The generator is then activated 
(and cyclically controlled as described above) to supply 
sufficient power to the electrode assembly 32 to main- 
tain the saline adjacent to the active tip 34A at, or just 

30 betow, its boiling point without creating a vapour pocket 
surrounding the active tip. The electrode assembly is 
manipulated to cause heating and desiccation of the tis- 
sue in a required region adjacent to the active tip 34A. 
The electrode unit can be used for vaporisation in the 

3S region of the graph between the point "D" and the dotted 
line F which constitutes the level below which vaporisa- 
tion is no longer stable. The upper part of this curve is 
used for tissue removal by vaporisation. In this mode, a 
light application of the instrument to the tissue to be 

40 treated enables sculpturing and contouring to be carried 
out. 

[0038] The electrode assembly 32 preferably has uni- 
tary electrodes with a return: active electrode surface 
area ratio in the range of from 5:1 to 40:1 (that is to say 

45 the ratio of the surface areas of the exposed portions of 
the two electrodes are in this range). 
[0039] Figure 6 illustrates the use of the electrode unit 
of Figure 3 for tissue removal by vaporisation, the elec- 
trode unit being immersed in conductive fluid 78. Thus, 

50 the electrode unit creates a sufficiently high energy den- 
sity at the active tip 34A to vaporise tissue 80, and to 
create a vapour pocket 82 surrounding the active tip. 
The formation of the vapour pocket 82 creates about a 
10-fold increase in contact impedance, with a conse- 

55 quent increase in output voltage. Arcs 84 are created in 
the vapour pocket 82 to complete the circuit to the return 
electrode 38. Tissue 80 which contacts the vapour pock- 
et 82 will represent a path of least electrical resistance 
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to complete the circuit. The closer the tissue 80 comes 
to the active tip 34A, the more energy is concentrated 
to the tissue, to the extent that the cells explode as they 
are struck by the arcs 84, because the return path 
through the connective fluid (saline in this case) is 
blocked by the high impedance barrier of the vapour 
pocket 82. The saline solution also acts to dissolve or 
disperse the solid products of vaporisation. 
[0040] In use. the electrode assembly 32 is introduced 
into a selected operation site with the active electrode 
tip 34A adjacent the tissue to be vaporised, and with the 
tissue, the active tip and the return electrode 38 im- 
mersed in the saline 78. The RF generator is activated 
to supply sufficient power (as described above with ref- 
erence to Fig. 4) to the electrode assembly 32 to vapor- 
ise the saline and to maintain a vapour pocket surround- 
ing the tissue contact electrode. When the electrode unit 
is used for sculpturing or contouring menisci during ar- 
throscopic surgery, the electrode assembly 32 is applied 
with light pressure at the selected operation site, and is 
manipulated so that the part-spherical surface of the ac- 
tive tip 34A moves across the surface to be treated, 
smoothing away tissue, and In particular menisci, with 
a sculpturing or contouring action. 
[0041] Figure 7 illustrates the use of an electrode unit 
similar to that of Figure 2 used for tissue desiccation. In 
the desiccation mode, output power is delivered to the 
electrodes in a first output range, so that current flows 
from the active electrode 34 to the return electrode 38. 
As described above, the output power causes the saline 
solution adjacent to the active electrode 34 to become 
heated, preferably to a point at or near the boiling point 
of the saline solution. This creates small vapour bubbles 
on the surface of the active electrode 14 that increase 
the impedance about the active electrode 34. 
[0042] The body tissue 80 typically has lower imped- 
ance than the impedance of the combination of vapour 
bubbles and saline solution adjacent to the active elec- 
trode 34. When an active electrode 34 surrounded by 
small vapour bubbles and saline solution is brought into 
contact with tissue 80, the tissue 80 becomes part of the 
preferred electrical current path. Accordingly, the pre- 
ferred current path goes out of the active electrode 34 
at the point of tissue contact, through the tissue 80, and 
then back to the return electrode 38 via the saline solu- 
tion, as shown in Figure 7. 

[0043] The invention has particular application in des- 
iccating tissue. For tissue desiccation, one preferred ap- 
proach is to contact only part of the active electrode to 
the tissue, with the remainder of the active electrode re- 
maining remote from the tissue and surrounded by sa- 
line solution so that current can pass from the active to 
return electrode, via the saline solution, without passing 
through the tissue. For example, in the embodiment 
shown in Figure 7, only the distal portion of the active 
electrode contacts the tissue, with the proximal portion 
remaining spaced away from the tissue. 
[0044] The Invention can achieve desiccation with no 



or minimal charring of the tissue. When the active elec- 
trode 34 contacts the tissue 80, current passes through 
the tissue, causing the tissue at and around the contact 
point to desiccate. The area and volume of desiccated 
5 tissue expands generally radially outward from the point 
of contact. 

[0045] In the embodiment shown in Figure 7, the ex- 
posed treatment portion of the active electrode 34 is 
tonger than it is wide. This allows the electrode tip to 
contact the tissue surface while still maintaining most of 
the exposed treatment portion out of contact with the 
tissue even when the instrument is angled with respect 
to the tissue surface. Because most of the exposed por- 
tion of the electrode is out of contact with the tissue, the 
current path will more easily shift, upon desiccation of a 
sufficient tissue volume, from the path through the tissue 
to a path that goes directly from the active electrode to 
the saline solution. 

[0046] In the electrode unit shown in Figure 3 the ex- 
posed portion of the active electrode 34 is relatively 
short compared with the length of the insulation member 
36 between the active electrode 34 and the return elec- 
trode 38. With such an electrode configuration, bistable 
operation of the instrument inherent in the hysteresis 
characteristic described above with reference to Figure 
4 applies, In that the instrument can be used in a desic- 
cation mode or in a low power vaporisation mode. In 
some circumstances, particularly if the exposed treat- 
ment portion of the active electrode is long, bistable op- 
eration may be difficult to achieve. 
[0047] Measures to overcome this difficulty will now 
be described with reference to Figure 8 which shows an 
electrode unit comprising a shaft 30 constituted by a 
semi-flexible tube made of stainless steel or phynox 
electroplated In copper or gold, with an electrode as- 
sembly 32 at a distal end thereof. The electrode assem- 
bly 32 includes a central active electrode 34 having an 
elongate exposed treatment portion 34A (which may be 
referred to as a "needle" electrode), and an integral cen- 
tral conductor 34B. A cylindrical ceramic insulation 
sleeve 36 surrounds the conductor 348, and a return 
electrode 38, which is constituted by the distal end por- 
tion of the shaft 30, abuts a proximal end of the sleeve 
36. An outer insulating polyimide coating 40 surrounds 
the proximal portion of the shaft adjacent the return elec- 
trode 38, thereby providing the return electrode with an 
annular fluid contact surface extending from the edge of 
the coating 40 to the insulation sleeve 36. The insulation 
sleeve 36 has a distal end face 36A of a diameter such 
that the step radius (i.e. the distance between the cir- 
cumferential edge of the end face 36A and the outside 
diameter of the active electrode 34) is at least 1/20th of 
the length of the exposed active electrode treatment 
portion 34A. The insulation sleeve 36 thus has a shoul- 
der (or step) which is coaxial with the active electrode 
34. In use, this step prevents local arcing which could 
othenvise occur at the proximal end of the exposed ac- 
tive electrode treatment portion 34A, rendering the distal 
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end of the treatment portion 34A ineffective. 
[0048] To consider the operation of the electrode in 
more detail, when the electrode unit Is operated in a tis- 
sue cutting or vaporising mode, a vapour bubble is 
formed around the active electrode treatment portion s 
34A. This bubble is sustained by arcing within it. The 
greater the applied voltage, the greater is the size of the 
bubble. The energy dissipated by each arc is imped- 
ance-limited by the remaining fluid in the conduction 
path and by the source Impedance of the generator. 
However, an arc behaves as a negative impedance in 
that if the energy in the arc is sufficiently high, an ionised 
path of very low impedance is formed. This can lead to 
an unstable condition of ever-decreasing ionised path 
impedance unless the impedance of the fluid between 
the bubble and the return electrode is sufficient to act 
as a limit on dissipated power. It is also possible for the 
vapour pocket around the active electrode treatment 
portion to encroach the retum electrode. In these cir- 
cumstances, the arc energy is limited only by generator 
source impedance, but such power limitation is poor and 
cannot be adjusted according to electrode size. For 
these reasons, the dimensions and configuration of the 
insulation sleeve 36 should be such as to define a min- 
imum conduction path length of 1 mm between the active 
electrode treatment portion 34A and the fluid contact 
surface of the return electrode 38. This minimum path 
length is, In the case of the embodiment shown in Figure 
8, the length a of the sleeve 36 plus the step radius c, 
as shown in Figure 8. 

[0049] A further consideration is the possibility of a va- 
pour pocket forming only over part of the exposed treat- 
ment portion 34A of the active electrode 34. When the 
applied voltage and power are sufficiently high, a vapour 
pocket will form around the active electrode exposed 
treatment portion. Preferably, the pocket is formed uni- 
formly over the entire length of the treatment portion. In 
such a situation, the load impedance presented to the 
generator can change by as much as a factor of 20. 
However, when there are significant differences in the 
conduction path length between the return electrode flu- 
id contact surface and different parts of the exposed ac- 
tive electrode treatment portion 34A, a voltage gradient 
is established over the length of each electrode. Prefer- 
ably, the fluid contact surface is large enough and has 
an aspect ratio such that its length is at least as great 
as its diameter so as to minimise a voltage gradient over 
its surface. Nevertheless, with some insulation sleeve 
and active electrode configurations, the voltage gradient 
can be sufficiently large to enable vapour pocket forma- 
tion only over that part of the exposed treatment portion 
closest to the fluid contact surface, leaving the extreme 
distal end of the exposed treatment portion still in con- 
tact with the conductive fluid. Thus, the voltage gradient 
is established within the conductive fluid where the edge 
of the vapour pocket intersects the surface of the active 
electrode treatment portion 34A. The electrical behav- 
iour of such a partially enveloped active electrode treat- 



ment portion is very different from that of a fully envel- 
oped treatment portion. The impedance transition from 
the wetted state to the vapou r enveloped state is far less 
marked than described above with reference to Figure 
4. In terms of controlling generator output by sensing 
peak voltage, the behaviour of the electrode assembly 
is no longer bistable. However, the power demand is 
considerably higher as a result of the vaporisation volt- 
age presented across the low impedance wetted region 
of the active electrode treatment portion. The clinical ef- 
fect is not only the required vaporisation, but also an 
undesirable thermal damaging effect resulting from the 
increased power dissipation. 

[0050] Partial enveloping of the active electrode treat- 
ment portion can be largely avoided by ensuring that the 
ratio of the length of the conductive path between the 
furthermost point of the active electrode treatment por- 
tion and the length of the shortest conductive path be- 
tween the active electrode treatment portion and the flu- 
Id contact surface Is less than or equal to 2 : 1 , i.e. b/ 
(a+c) < 2. 

[0051] In some circumstances, it may be found that 
the conductive path length between the active and re- 
turn electrodes is too long to allow vaporisation of the 
conductive fluid due to the consequent large series Im- 
pedance represented by the fluid. Too large a voltage 
drop may result in a preset voltage threshold being 
reached before vaporisation can be achieved. Prefera- 
bly, then, the ratio of the greatest conduction path length 
to the annular peripheral length of the return electrode 
fluid contact surface Is no more than 1 .43 : 1 . In the case 
of a cylindrical fluid contact surface which is coaxial with 
the active electrode, the ratio of the greatest conduction 
path length to the fluid contact surface diameter is less 
than or equal to 4.5 : 1. Thus, with reference to Figure 
8, b/d<4.5. 

[0052] The primary use of the electrode unit shown In 
Figure 8 is for cutting tissue, with at least part of the ac- 
tive electrode treatment portion 34A buried In the tissue 
to be treated and with the generator operated in the va- 
porisation portion of the impedance/power characteris- 
tics shown in Figure 4. 

[0053] Alternative active electrode configurations In- 
clude forming the exposed treatment portion 34A as a 
hook, as shown in Figure 9. In this case, the insulation 
sleeve is conical, tapering from the fluid contact surface 
of the return electrode 38 to the distal end face 36A. 
[0054] A further alternative, shown In Figure 10 has 
an active electrode treatment portion 34a In the shape 
of a looped hook. 

[0055] In the embodiments of Figures 8. 9 and 10, it 
will be seen that the dimensions a, b, c, d are such as 
to fall within the ratio limits described above. Further- 
more, in each case, the electrode assembly may be 
viewed as having a treatment axis 42, being the axis 
along which the instrument may be introduced towards 
the tissue, the return electrode 38 being set back in the 
direction of the treatment axis from the active electrode 
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34A. For the purpose of comparing the different conduc- 
tion path lengths between the return electrode and dif- 
ferent parts of the active electrode treatment portion, 
paths In a common plane should be considered, the 
plane containing the treatment axis 42. In the case of 
the views of Figures 8, 9 and 10, the illustrated path 
lengths are, of course, in the plane of the paper bearing 
the views. 



Claims 

1. An electrosurgical instrument for the treatment of 
tissue in the presence of an electrically-conductive 
fluid medium, the instrument comprising an instru- 
ment shaft (30) defining a longitudinal axis (42) and 
an electrode assembly (32) at a distal end of the 
shaft, wherein the electrode assembly comprises: 

an active electrode (34) fixedly positioned in the 
electrode assembly and having an exposed tis- 
sue treatment portion (34A), 
a return electrode (38) having an exposed fluid 
contact surface, the active and return elec- 
trodes being spaced apart in the direction of the 
said axis (42), and 

an insulating member (36) positioned between 
and electrically insulating the active electrode 
(34) and the return electrode (38), with the re- 
turn electrode terminating short of a distal end 
of the insulating member (36) such that the in- 
sulating member spaces apart the exposed tis- 
sue treatment portion (34A) of the active elec- 
trode and the exposed fluid contact surface of 
the return electrode (38) In the direction of the 
said axis, whereby when the exposed tissue 
treatment portion is brought adjacent to a tissue 
surface immersed in the fluid medium, the ex- 
posed fluid contact surface is spaced away 
from said tissue surface and the fluid medium 
completes a conduction path between the ac- 
tive electrode and the return electrode, 
and wherein the dimensions and configuration 
of the exposed tissue treatment portion (34A), 
the exposed fluid contact surface and the insu- 
lation member (36) are such that, when the 
electrode assembly (32) is immersed in a con- 
ductive fluid medium, the ratio of (i) the length 
of the shortest conduction path (P^) through the 
fluid medium between the exposed fluid contact 
surface and that part of the exposed tissue 
treatment portion (34A) which is furthest from 
the exposed fluid contact surface, to (ti) the 
length of the shortest conduction path (P2) 
through the fluid medium between the exposed 
fluid contact surface and the exposed tissue 
treatment portion (34A), is less than or equal to 
2to1. 



2. An instrument according to claim 1 , characterised 
in that the exposed tissue treatment portion (34A) 
of the active electrode (34) projects in a first direc- 
tion from the insulation member (36), the fluid con- 

s tact surface of the return electrode (38) is set back 
from the exposed tissue treatment portion (34A), 
and the insulating member (36) surrounds a proxi- 
mal portion of the active electrode (34) and, be- 
tween the exposed tissue treatment portion (34A) 

10 and the exposed fluid contact surface, projects out- 
wardly in a second direction perpendicular to the 
first direction to define an insulation barrier to divert 
electrical current flow through the fluid medium 
thereby to increase the shortest conduction path 

IS length (P2) between the exposed fluid contact sur- 
face and the exposed tissue treatment portion 
(34A). 

3. An instnjment according to any preceding claim, 
20 characterised in that the length of said shortest con- 
duction path (P2) through the fluid medium between 
the exposed fluid contact surface and the exposed 
tissue treatment portion (34A) is at least 1mm. 

25 4. An instrument according to any preceding claim, 
characterised in that the exposed fluid contact sur- 
face is generally cylindrical and has a length and a 
diameter, the length of the exposed fluid contact 
surface being at least as great as its diameter, and 

30 wherein the ratio of (i) the shortest conduction path 
(Pi) through the fluid medium between the exposed 
fluid contact surface and that part of the exposed 
tissue treatment portion (34A) which is furthest from 
the fluid contact surface, to (ii) the exposed fluid 

35 contact surface diameter, is at most 4.5 to 1 . 

5. An Instrument according to any preceding claim, 
characterised in that the ratio of (i) the length of the 
shortest conduction path (P^) through the fluid me- 

40 dium between the exposed fluid contact surface 
and that part of the exposed tissue treatment por- 
tion (34A) which is furthest from the exposed fluid 
contact surface, to (11) the length of the shortest con- 
duction path (P2) through the fluid medium between 

45 the exposed fluid contact surface and the exposed 
tissue treatment portion (34A), is greater than or 
equal to 1.25 to 1. 

6. An instrument according to any one of claims 1 to 
50 6. characterised in that the return electrode (38) 

comprises a conductive sleeve located around the 
insulation member (36) behind the exposed tissue 
treatment portion (34A) of the active electrode (34). 

55 7. An instrument according to any preceding claim 
wherein the instrument shaft comprises a metallic 
tube as its main structural element, and the return 
electrode (38) is an integrally formed distal end por- 
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tion of the tube. 

8. An instrument according to claim 1 , characterised 
in that the exposed tissue treatment portion (34A) 

is a conductive axial projection, and the exposed s 
fluid contact surface is a conductive outer sleeve 
(38) surrounding the insulation member (36) and 
spaced from the exposed tissue treatment portion 
(34A) by an axial separation of at least 1mm. 

10 

9. An instrument according to any preceding claim 
characterised in that the exposed tissue treatment 
portion (34A) extends longitudinally from the distal 
end of the shaft (30). 

IS 

10. An instrument according to claim 9. characterised 
in that the insulation member (36) comprises a gen- 
erally cylindrical sleeve, and the retum electrode 
(38) is located on the outside of the sleeve longitu- 
dinally spaced from the exposed tissue treatment 20 
portion (34A) by a distance of at least 1mm. 

11. An instrument according to claim 10, characterised 
in that the insulation member (36) has an annular 
distal end face (36A) defining a shoulder, and the 2S 
exposed tissue treatment portion (34A) is centrally 
located with respect to, and projects from, the insu- 
lation member end face (36A), the depth of the 
shoulder in a direction laterally away from the active 
electrode (34) being between 0.051 and 0.51, where 30 
I is the length of the exposed tissue treatment por- 
tion (34A). 

12. An electrosurgical system comprising an electro- 
surgical Instrument according to any preceding 35 
claim and an electrosurgical generator (10) for sup- 
plying radio frequency power to the instrument, the 
generator including an output stage having at least 

a pair of electrosurgical output connections (62) 
connectible respectively to the active electrode (34) 40 
and the return electrode (38) of the instrument, a 
sensing circuit (68) for deriving a sensing signal rep- 
resentative of the peak radio frequency output volt- 
age developed between the output connections 
(62), and a power adjustment circuit (70) for auto- 4S 
matically causing a reduction in delivered output 
power when the sensing signal is indicative of a pre- 
determined peak radio frequency output voltage 
having been reached. 

so 

13. A system according to claim 12, characterised in 
that the power adjustment circuit (70) is operable to 
cause at least a 50% reduction in delivered output 
power when the sensing signal is indicative of the 
said threshold having been reached, the said reduc- ss 
tion being effected within a period of 100^s or less. 

14. A system according to claim 13, characterised in 



that the power adjustment circuit (70) is operable to 
effect the said reduction in a period of 20|is or less, 

1 5. A system according to any of claims 1 2 to 1 4, char- 
acterised in that the output stage includes at least 
one radio frequency power device, and in that the 
control circuitry is arranged such that the at least 
50% reduction in output power is effected by reduc- 
ing the period of conduction of the device during in- 
dividual cycles of radio frequency oscillation inde- 
pendently of the supply voltage to the device. 

16. A system according to claim 15, characterised in 
that the sensing circuit (68) and the power adjust- 
ment circuit (70) are operable repeatedly to effect a 
rapid reduction in the cycle-by-cycle conduction pe- 
riod of the power device from a peak level to a 
trough level, followed by a less rapid progressive 
increase in the conduction period until the conduc- 
tion period again reaches its peak level, the rapid 
reduction and progressive increase sequence be- 
ing repeated while simultaneously reducing the 
supply voltage to the said output stage until the said 
peak conduction period level can be reached with- 
out the output voltage exceeding the said predeter- 
mined threshold. 



Patentanspruche 

1. Elektrochirurgische Vorrichtung fur die Behandlung 
von Gewebe in der Gegenwart eines elektrisch lei- 
tenden Fluids, mit einem Instrumentenschaft (30). 
welcher eine Langsachse (42) bildet, und einer 
Elektrodenanordnung (32) an dem distalen Ende 
des Schaftes, wobei die Elektrodenanordnung ver- 
sehen ist mit: 

einer aktiven Elektrode (34), die test angeord- 
net ist innerhalb der Elektrodenanordnung und 
einem freigelegten Abschnitt (34A) zur Be- 
handlung des Gewebes aufwelst. 

einer Ruckf uhrungselektrode (38) mit einer frei- 
gelegten Fluidberuhrungsflache, die aktive und 
Ruckfuhrungselektroden sind entlang der Ach- 
se (42) auseinander angeordnet, und 

einem Isolator (36), der isolierend zwischen der 
aktiven Elektrode (34) und der Ruckfuhrungs- 
elektrode (38) angeordnet ist, wobei die ROck- 
fuhrungselektrode kurz vor dem distalen Ende 
des Isolators (36) so aufhort, dass der Isolator 
den freigelegten Abschnitt (38 A) zur Behand- 
lung des Gewebes der aktiven Elektrode und 
die freigelegte BerOhrungsoberflache fur das 
Fluid der Ruckfuhrungselektrode (38) entlang 
der Achse voneinander trennen, wodurch, 
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wenn derfreigelegte Abschnitt zur Behandlung 
von Gewebe in die Nahe einer Gewebeoberfla- 
che gebracht wird, die in das Fluid eingetaucht 
ist, die freigelegte Fluidberuhrungsoberflache 
weggelegen ist von der Gewebeoberf lache und 5 
das Fluid einen Weg zwischen der aktlven und 
der Ruckfuhrungselektrode erstellt, 

und wobei die Abmessungen und die Konfigu- 
ration des freigelegten Gewebebehandlungs- io 
abschnitts (34A), die freigelegte Fluidberuh- 5. 
rungsoberflache und der Isolator (36) so aus- 
gebildet sind, dass beim Eintauchen der Elek- 
trodenanordung (32) in das leitende Fluid, das 
Verhaltnis von (i) der Lange des kurzesten Lei- ^5 
tungswegs (P^) durch das Fluid zwischen der 
freigelegten Fluidberuhrungsflache und dem 
Teil des freigelegten Gewebebehandlungsab- 
schnitts (34A), der am weitesten entf ernt ist von 
der freigelegten Fluidberuhrungsoberflache, zu 20 
(ii) der Lange des kurzesten Leitungswegs (Pg) 
durch das Fluid zwischen der freigelegten 
Fluidberuhrungsoberflache und des freigeleg- 
ten Gewebebehandlungsabschnitts (34A) klei- 6. 
ner oder gleich 2 zu 1 betragt. 2S 

2. Vorrichtung gemaB Anspruch 1, dadurch gekenn- 
zeichnet. dass der freigelegte Gewebebehand- 
lungsabschnitt (34A) der aktiven Elektrode (34) In 
einer ersten RIchtung von dem Isolator (36) hervor- 30 
steht, die Fluidberuhrungsflache der Ruckfuh- 7. 
rungselektrode (38) zurOckversetzt von dem f reige- 

leten Gewebebehandlungsabschnittes (34A) ange- 
ordnet ist und der Isolator das proximale Ende der 
aktiven Elektrode (34) umschlie3t und zwischen 35 
dem freigelegten Gewebebehandlungsabschnitt 
(34A) und der freigelegten Fluidberuhrungsoberfia- 8. 
che nach auBen in eine zweite RIchtung ragt. die 
rechtwinklig zu der ersten Richtung verlauft, urn ei- 
ne Isolatlonsbarriere auszubilden, um den FluB 40 
elektrischen Stroms durch das Fluid abzulenken, 
um so die kOrzesteste Leitungsweglange (P2) zwi- 
schen der freigelegten Fluidberuhrungsoberflache 
und dem freigelegten Gewebebehandlungsab- 
schnitt (34A) zu verlangern. 45 

3. Vorrichtung gemaB einem der vorangehenden An- 9. 
spruche, dadurch gekennzeichnet, dass die Lange 

des kurzesten Leitungswegs (Pg) durch das Fluid 
zwischen der freigelegten Fluidberuhrungsoberfia- so 
che und dem freigelegten Gewebebandlungsab- 
schnitt (34A) mindestens einen MHimeter betragt. 

10 

4. Vorrichtung gemaB eInem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, dass die freige- ss 
legte Fluidberuhrungsoberflache im wesentlichen 
zyllndrisch Ist und eine Lange und einen Durchmes- 
seraufwelst, die Lange der freigelegten Fluidberuh- 



rungsoberflache mindestens so groB ist wie ihr 
Durchmesser, und wobei das Verhaltnis von (I) des 
kOrzesten Leitungswegs (P^) durch das Fluid zwi- 
schen der freigelegten Fluidberuhrungsoberflache 
und dem Teil des freigelegten Gewebebehand- 
lungsabschnitts (34A), der am weitesten von der 
Fluidberuhrungsflache entfernt ist, zu (II) der freige- 
legten Fluidberuhrungsflache maximal 4,5 bis 1 be- 
tragt. 

Vorrichtung gemaB einer der vorangehenden An- 
spruche, dadurch gekennzeichnet, dass das Ver- 
haltnis (i) von der Lange des kurzesten Leitungs- 
wegs (Pi) durch das Fluid zwischen der freigeleg- 
ten Fluidberuhrungsoberflache und dem Teil des 
freigelegten Gewebebehandlungabschnitts (34A), 
der am weitesten entfernt ist von der freigelegten 
Fluidberuhrungsoberflache, zu (ii) der Lange des 
kurzesten Leitungswegs (Pg) durch das Fluid zwi- 
schen der freigelegten Fluidberuhrungsoberflache 
und dem freigelegten Gewebebehandlungsab- 
schnitt (34A) groBer oder gleich 1 ,25 bis 1 IsL 

Vorrichtung gemaB einem der Anspruche 1 bis 6, 
daduruch gekennzeichnet, dass die RuckfOhrungs- 
elektrode (38) einen leitfahlgen Mantel aufweist, 
der um den Isolator (36) hinter dem freigelegten Ge- 
webebehandlungsabschnitt (34A) der aktiven Elek- 
trode (34) angeordnet ist. 

Vorrichtung gemaB einem der vorangehenden An- 
sprOche, wobei der Instrumentenschaft eine metal- 
lische Rohre als sein wesentliches Bauelement auf- 
weist und die Ruckfuhrungselektrode (38) ein inte- 
graler Endabschnitt am distalen Ende der Rohre Ist. 

Vorrichtung gemaB Anspruch 1, dadurch gekenn- 
zeichnet, dass der freigelegte Gewebebehand- 
lungsabschnitt (34A) ein leltender axsialer Vor- 
sprung ist und die freigelegte FluldberOhrungsober- 
flache ein leltender auBerer Mantel (38) ist, welcher 
den Isolator (36) umschlieBt und durch eine axiale 
Trennung von mindestens 1 mm weg von dem frei- 
gelegten Gewebebehandlungsabschnitts angeord- 
net ist. 

Vorrichtung gemaB einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, dass derfreige- 
legte Gewebebehandlungsabschnitt (34) sich in 
Langsrichtung von dem distalen Ende des Schaftes 
(30) erstreckt. 

Vorrichtung gemaB Anspruch 9, dadurch gekenn- 
zeichnet, dass der Isolator (36) einen im wesentli- 
chen zylindrischen Mantel auweist und die Ruck- 
fuhrungselektrode (38) aussenseltig von dem Man- 
tel in einem Abstand von mindestens 1 mm langs- 
versetzt von dem freigelegten Gewebebehand- 
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lungsabschnitt (34A) ist. 

11. Vorrichtung gema3 Anspruch 10, dadurch gekenn- 
zeichnet, dass der Isolator (36) eine ringformig , di- 
stale Endoberflache (36A) aufwelst, die eine schul- 5 
terbildet. undderfreigelegteGewebebehandlungs- 
abschnitt (34A) zentral im Verhaltnis zu der 
Endoberflache (36A) des Isolators angeordnet ist 
und von diessem absteht, die TIefe der Schulter in 
seitllcher RIchtung wag von der aktiven Elektrode 
(34) zwischen 0,051 und 0,51 betragt, wobei I die 
Lange des freigelegten Gewebebehandlungsab- 
schnitts (34A) ist. 

12. Elektrochirurgische System mit einer elektrochirur- 
gischen Vorrichtung gemaB einem der vorangehen- 
den Anspruche und ein elektrochlrurgischer Gene- 
rator (10) zur Versorgung der Vorrichtung mit Hoch- 
frequenzstrom, der Generator eine Ausgangsstufe 
aufweist, die zumindest ein paar von elektrochirur- 
gischen Ausgangsverbindungen (62) aufweist, die 
verbindbar sind mit der aktiven Elektrode (34) bzw. 
der RuckfOhrungselektrode (38) der Vorrichtung, ei- 
ner Erfassungsschaltung (68) zur Anieitung eines 
Erfassungssignals, welches dem Spitzenwert der 
hochfrequenten Ausgangsspannung entspricht, 
dass zwischen den Ausgangsverbindungen (62) 
entsteht, und eine Spannungsregelungsschaltung 
(70) zum automatlschen Bewirkung einer Reduzie- 
rung der bereitgestellten Ausgangsstroms, wenn 
das Erfassungssignal einen vorgegebenen Spit- 
zenwert der hochfrequenten Ausgangsspannung 
erreicht hat. 

13. System gemaB Anspruch 12, dadurch gekenn- 
zeichnet, dass die Spannungsregelungsschaltung 
(70) so einstellbar ist, urn eine 50%ige Reduzierung 
des bereitgestellten Ausgangsstroms zu bewirken, 
wenn das Erfassungssignal den erreichten Schwel- 
lenwert anzeigt, die Reduzierung wird bewirkt in ei- 
ner Periode von 100|is oder weniger. 

14. Vorrichtung gemaB Anspruch 13, dadurch gekenn- 
zelchnet, dass die Spannungsregelungsschaltung 
(70) einstellbar ist, urn die Reduzierung in der Pe- 
riode von 20^s Oder weniger zu bewirken. 

1 5. System gemaB einem der Anspruche 1 2 bis 1 4, da- 
durch gekennzeichnet, dass die Ausgangsstufe zu- 
mindestens eine Hochfrequenzstromversorgung 
aufweist und dass die Steuerungsschaltung so an- 
geordnet ist, dass zumindest 50% der Absenkung 
der Ausgangsspannung bewirkt wird durch Redu- 
zierung der Periode der Leitung der Vorrichtung 
wahrend einzelner Zyklen der Hochfrequenzoszil- 
lation unabhangig von der Versorgungsspannung 
der Vorrichtung. 



16. System gemaB Anspruch 15, dadurch gekenn- 
zelchnet, dass die Erfassungsschaltung (68) und 
die Spannungsregelungsschaltung (70) wiederholt 
betatigbar sind, um eine rasche Absenkung in der 
Zyklusabhangigen-Leitungsperiode der Stromver- 
sorgung von einem Spitzenwert zu einem Basiswert 
zu bewirken, gefolgt von einer weniger schnellen 
progressiven zunahme der Leitungsperiode bis die 
Leitungsperiode wieder ihren Spitzenwert erreicht, 
die schnelle Absenkung und progressive Zunahme- 
sequenz wiederholt werden, wahrend gleichzeitig 
die Versorgungsspannung an die Ausgangsstufe 
reduziert wird bis die Spitzenleitungsperiode er- 
reicht werden kann, ohne dass die Ausgangsspan- 
nung den vorgegebenen Schwellwert ubertrifft. 



Revendications 

1 . Instrument electrochirurgical pour le traitement d'un 
tissu en presence d'un milieu fluide electriquement 
conducteur, I'instrument comportant une tige (30) 
definissant un axe longitudinal (42) et un ensemble 
a electrodes (32) situe sur une extremite distale de 
la tige, dans lequel Tensemble k Electrodes com- 
prend: 

une electrode active (34) positionnee de fapon 
fixe dans I'ensemble a electrodes et compor- 
tant une partie expos6e (34A) de traitement du 

tissu, 

une electrode de retour (38) possedant une 
surface expos6e de contact avec le fluide, 
r^lectrode active et I'electrode de retour etant 
espacees dans la direction dudit axe (42), et 
un element isolant (36) positlonne entre et iso- 
lant electriquement I'electrode active (34) et 
I'electrode de retour (38), I'electrode de retour 
se terminant legdrement en deg^ d'une extre- 
mite distale de I'element isolant (36) de telle 
sorte que Telement Isolant separe la partie ex- 
posee (34A) de traitement du tissu de I'electro- 
de active et la surface expos ee de contact avec 
le fluide de I'electrode de retour (38) dans la di- 
rection dudit axe, ce qui a pour effet que lorsque 
ladite partie exposee de traitement du tissu est 
amenee au voislnage d'une surface du tissu im- 
mergee dans le milieu fluide. la surface expo- 
see de contact avec le fluide est distante de la- 
dite surface du tissu, et le milieu fluide forme 
un trajet de conduction entre relectrode active 
et I'electrode de retour, et 
et dans lequel les dimensions et la configura- 
tion de la partie expos6e (34A) de traitement 
du tissu, de la surface exposde de contact avec 
le fluide et de I'element d'isolatlon (36) sont tel- 
les que, lorsque I'ensemble ^ electrodes (32) 
est immerge dans le milieu fluide conducteur, 
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le rapport de (i) la longueur du trajet de conduc- 
tion ie plus court (P^) a travers le nailieu fluide 
entre la surface expos^e de contact avec le flui- 
de et la portion de la partie expos^e (34A) de 
traitement du tissu, qui est la plus 4loign6e de s 
la surface expos6e de contact avec le fluide, k 
(ii) la longueur du trajet de conduction le plus 
court (P3) k travers ie milieu fluide entre la sur- 
face exposee de contact avec le fluide et la par- 
tie expos^e (34A) de traitement du tissu est in- 10 
ferieur ou §ga\ k une valeur comprise entre 2 
et 1. 

Instrument selon la revendlcation 1, caract6ris§ en 
ce que la partie exposee (34A) de traitement du tis- 
su de I'electrode active (34) fait saillie dans une pre- 
miere direction a partir de I'element d'isolation (36), 
la surface de contact avec le fluide de I'electrode de 
retour (38) est en retrait par rapport a la partie ex- 
posee (34A) de traitement du tissu, et I'element iso- 20 
lant (36) entoure une partie proximalede I'electrode 
active (34) et fait saillie exterieurement, entre la par- 
tie exposee (34A) de traitement du tissu et la surfa- 
ce exposee de contact avec le fluide, dans une se- 
conde direction perpendiculaire k la premiere direc- 25 
tion de maniere a definir une barriere isolante pour 
devier un flux de courant eiectrique a travers le mi- 
lieu fluide de maniere k accroTtre la bngueur la plus 
courte (P2) du trajet de conduction entre la surface 
exposee de contact avec le fluide et la partie expo- 30 
s6e (34A) de traitement du tissu. 

Instrument selon Tune quelconque des revendica- 
tions pr6c6dentes, caracterise en ce que la lon- 
gueur dudit trajet de conduction le plus court (Pg) a 3S 
travers le milieu fluide entre la surface exposee de 
contact avec le fluide et la partie exposee (34A) de 
traitement du tissu est ^gale au moins k 1 mm. 

Instrument selon Tune quelconque des revendica- 40 
tions prec6dentes, caracteris6 en ce que la surface 
exposee de contact avec le fluide possede une for- 
me generate cylindrique et a une longueur et un dia- 
metre, la longueur de la surface exposee de contact 
avec le fluide ^tant au moins 6gale k son diam^tre 
et dans lequel le rapport (i) du trajet de conduction 
le plus court (P^) k travers le milieu fluide entre la 
surface exposee de contact avec le fluide et la por- 
tion de la partie exposee (34A) de traitement du tis- 
su, qui est ta plus elotgn^e de la surface de contact 50 
avec le fluide, au (Ii) diametre de la surface exposee 
de contact avec le fluide est au maximum de 4,5 ^ 1 . 

Instrument seton I'une quelconque des revendica- 
tions pr§c6dentes, caract6ris6 en ce que le rapport ss 
de (i) la longueur du trajet de conduction le plus 
court (Pi) ^ travers le milieu fluide entre la surface 
exposee de contact avec le fluide et la portion de la 



partie exposee (34A) de traitement du tissu qui est 
la plus eloignee de la surface exposee de contact 
avec le fluide, k (11) la longueur du trajet de conduc- 
tion le plus court (P2) a travers le milieu fluide entre 
la surface expos6e de contact avec le fluide et la 
partie exposee (34A) de traitement du tissu est su- 
perieur ou 6ga\ k une valeur de 1 ,25 ^ 1 . 

6. Instrument selon I'une quelconque des revendlca- 
tions 1 k 6, caract^ris6 en ce que I'electrode de re- 
tour (36) comprend un manchon conducteur dispo- 
se autour de rel6ment Isolant (36) en arridre de la 
partie exposee (34A) de traitement du tissu de 
Telectrode active (34). 

7. Instrument selon I'une quelconque des revendica- 
tions precedente, dans lequel la tige de I'instrument 
comprend un tube mdtallique comme 6l6ment 
structurel principal, et I'electrode de retour (38) est 
une portion d'extremite distale, formee solidaire- 
ment, du tube. 

8. Instrument selon la revendlcation 1, caract6ris6 en 
ce que la partie exposee (34A) de traitement du tis- 
su est une partie saillante axiale conductrice, et la 
surface exposee de contact avec le fluide est un 
manchon exterieur conducteur (38) entourant I'ele- 
ment Isolant (36) et separe de la partie exposee 
(34A) de traitement du tissu par une separation 
axiale d'au moins 1 mm. 

9. Instrument selon I'une quelconque des revendica- 
tions pr6cedentes. caract6rlse en ce que la partie 
exposee (34A) de traitement du tissu s'etend longi- 
tudinalement a partir de t'extr^mitd distale de la tige 
(30). 

10. Instrument selon la revendlcation 9, caracterise en 
ce que I'element isolant (36) comprend un manchon 
de forme generale cylindrique, et I'electrode de re- 
tour (38) est situee sur Texterieur du manchon en 
etant espacee longitudinalement de la partie expo- 
see (34A) de traitement du tissu, par une distance 
d'au moins 1 mm. 

11. Instrument selon la revendlcation 10, caracterise en 
ce que I'element isolant (36) comporte une face 
d'extremite distale annulaire (36A) definissant un 
epaulement, et la partie exposee (34A) de traite- 
ment du tissu est disposee d'une maniere centree 
par rapport a la face d'extremite (36A) de I'element 
isolant et fait saillie k partir de cette derni^re, la pro- 
fondeur de Tepaulement dans une direction s'eten- 
dant lateralement k partir de I'electrode active (34) 
etant comprise entre 0,05.1 et 0,5.1, I etant la lon- 
gueur de la partie exposee (34A) de traitement du 
tissu. 
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12. Systfeme 6lectrochirurglcal comprenant un instru- 
ment elect rochirurgical selon I'une quelconque des 
revendications pr6c6dentes et un g6nerateur 6lec- 
trochirurglcal (10) pour appliquer une energie ra- 
diofr^quence k Tinstrument, le g6n6rateur compre- 
nant un etage de sortie possedant au moins un cou- 
ple de connexions electrochirurgicales de sortie 
(62) pouvant etre connectees respecttvement a 
r^lectrode active (34) et a {'electrode de retour (38) 
de I'instrument, un circuit de detection (68) pour ob- 
tenir un signal de detection representatif de la ten- 
sion de sortie maximale radiofr6quence d6velop- 
pee entre les connexions de sortie (62), et un circuit 
de r^glage de puissance (70) pour produire auto- 
matiquement une reduction de la puissance de sor- 
tie d^livr^e lorsque le signal de detection indique 
qu'une tension de sortie maximale predeterminee 
k haute frequence a 6X6 atteinte. 

13. Syst^me selon la revendication 12, caract6ris6 en 

ce que le circuit de reglage de puissance (70) peut 
agir de maniere a provoquer une reduction d'au 
moins 50 % de la puissance de sortie delivr^e lors- 
que le signal de detection indique que ledit seuil a 
ete atteint, ladite reductbn etant executee pendant 
une periode de 100 ou moins. 



atteint sans que la tension de sortie d^passe ledit 
seuil predetermine. 
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14. Syst6me selon la revendication 13, caracterise en 
ce que le circuit de reglage de puissance (70) peut 
agir de maniere k effectuer ladite reduction en une 30 
periode de 20 ou moins. 



15. Syst^me selon I'une quelconque des revendica- 
tions 12^14, caracterise en ce que I'etage de sortie 
inclut au moins un disposltif de puissance radlofre- 35 
quence, et en ce que le circuit de commande est 
agence de telle sorte que la reduction d'au moins 

50 % de la puissance de sortie est obtenue par re- 
duction de la periode de conduction du dispositif 
pendant des cycles individuels de Toscillation ra- 
diofr6quence, ind^pendamment de la tension d'ali- 
mentation appliquee au dispositif. 

16. Systeme selon la revendication 15, caracterise en 

ce que le circuit de detection (68) et le circuit de 4S 
reglage de puissance (70) peuvent agir de maniere 
rep6\6e pour ex^cuter une reduction rapide de la 
periode de conduction cycle par cycle du dispositif 
de puissance depuis un niveau maximum jusqu'a 
un niveau de seuil, suivie par un accroissement pro- so 
gressif moins rapide de la periode de conduction 
jusqu'^ ce que la periode de conduction atteigne k 
nouveau son niveau maximum, la sequence de re- 
duction rapide et d'accroissement progressif 6tant 
T6p6\6e tandis qu'est exdcutee simultanement une 55 
reduction de la tension d'alimentation appliquee 
audit etage de sortie, jusqu'a ce que ledit niveau 
maximum de ta periode de conduction puisse etre 
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